Objective -To assess the short-and long-term results of the use of streptokinase (SK) for the treatment of thromboses in cardiac valvular prostheses.
Thrombosis in a cardiac valvular prosthesis is a rare, but severe complication. Its incidence ranges from 0.5% to 6% per patient per year in the aortic and mitral positions, depending on the degree of anticoagulation and the prosthetic design 1 . In 1971, Luluaga et al 2 reported for the first time the successful use of fibrinolytic agents for the treatment of thrombosis in a Starr-Edwards prosthesis in the tricuspid position. From that time onwards, several cases have been reported [3] [4] [5] [6] . The objective of this study was to analyze the use of the fibrinolytic agent, streptokinase, in the treatment of prosthetic thromboses.
Methods
This study prospectively analyzed patients with valvular prosthetic thrombosis diagnosed by clinical history and examination, transesophageal Doppler-echocardiography, and cinefluoroscopy.
The study comprised patients with diagnostic confirmation of prosthetic thrombosis, who were hemodynamically stable and considered of high surgical risk or with a contraindication for prosthesis replacement surgery. Patients with inadequate anticoagulation control, either due to lack of adherence to treatment, or lack of conditions to undergo periodical controls, and those with large thrombi in the atrial cavity were excluded from the study.
The diagnostic hypothesis of prosthetic thrombosis was raised when the patient reported worsening of his functional class, appearance of signs of low cardiac output, a history suggestive of transient embolism, or when the patient noticed a change in the intensity of the prosthetic click. The auscultatory findings of muffling of the metallic click, as well as the appearance or intensification of preexisting murmurs, contributed to the diagnostic suspicion. The fluoroscopy performed in the hemodynamics laboratory served as triage for all patients suspected of having prosthetic obstruction. Through fluoroscopy, the opening angle of the prosthesis, formed between the disk and the prosthetic ring, and the mobility of the disks were analyzed. The analysis of the disks requires an incidence in which the profile of the disks is filmed, and in which the disks are perpendicular to the prosthetic ring (figs. 1 and 2). Fluoroscopy was performed prior to beginning streptokinase infusion and was repeated every 24 hours to assess response to treatment.
Transesophageal Doppler-echocardiography complemented the clinical and fluoroscopic diagnosis. Echocardiography made possible the analysis of the mobility of the disks, the visualization of possible thrombi and their characteristics, such as size, location, and mobility, in addition to the calculation of transprosthetic gradients, valvular area, ventricular function, and the diameters of the cardiac cavities. The echocardiographies were performed before and after streptokinase infusion.
The diagnosis was established by associating the clinical findings and the echocardiographic and fluoroscopic findings.
Streptokinase was the fibrinolytic agent used in all patients. It was intravenously administered in a bolus of 250,000 U for 30 minutes, followed by the infusion of 100,000 U/hour, in the coronary unit. Streptokinase infusion was suspended when the mobility of the prosthetic disks was normalized on fluoroscopy, in case of hemorrhagic complication, or when no improvement was observed in the mobility of the disks 72 hours after drug infusion. After suspension of the fibrinolytic agent, intravenous heparin was initiated, as soon as the partial thromboplastin time (PTT) was shorter than twice the control PTT. Oral anticoagulation with phenprocoumon was reinitiated 24 hours after the interruption of streptokinase in the patients who responded to treatment. They were discharged from the hospital receiving oral anticoagulation with the dose adjusted according to the International Normalized Ratio (INR) between 2.5 and 3.5 in association with 100 mg of aspirin per day.
Late follow-up was performed on an outpatient care basis and with fluoroscopic and echocardiographic control every 6 months or when symptoms suggestive of thrombosis recurrence appeared.
Successful treatment was defined as an improvement in clinical findings in association with normalization of the mobility of the disks and a reduction in the transprosthetic gradient. Partial success was defined as the improvement in clinical findings in association with a reduction in the transprosthetic gradient, but, on fluoroscopy, some reduction in the mobility of the disks still persisted. Nonsuccess was defined as the lack of resolution of the thrombosis, or when the patient had fatal complications.
Results
From January 1993 to July 2002, 17 inconsecutive patients, who met the inclusion criteria, received streptokinase for the treatment of thrombosis in the cardiac valvular prostheses. The mean age was 41 (12 to 60) years. Twelve were females. Twelve had mechanical double-disc prostheses (4 aortic, 6 mitral, 2 tricuspid), 4 had single-disk prostheses (2 aortic, 1 mitral, 1 tricuspid), and 1 had a porcine valvular prosthesis. Of these 12 patients, 8 had already undergone 2 or more previous valvular replacements. The INR was adequate, ie, between 2.5 and 3.5, in only 6 (35%) patients. Eleven (65%) had inadequate anticoagulation with INR < 2, due to the incorrect use of the medication or suspension of the anticoagulant agent for surgery. The patient with the porcine prosthesis was not receiving coumarin anticoagulants.
On physical examination, signs of congestive heart failure, appearance or intensification of murmurs of stenosis, and muffling of the metallic click were found in most patients.
The symptom most frequently reported by the patients was worsening of their physical capacity with the appearance of dyspnea associated with the perception of muffling of the metallic click of the prosthesis. One patient reported precordial pain with characteristics similar to those of angina, and another patient had an episode suggestive of transient cerebral ischemia with short-duration dyslalia. The duration of the symptoms related to a prosthetic thrombosis ranged from 3 to 90 days. The demographic characteristics, the model of the prosthesis, the time elapsed between prosthesis implantation and thrombosis, and the cardiac rhythm of patients with a prosthesis in the aortic and atrioventricular position are shown in tables I and II.
Of the 6 patients with an aortic prosthesis, 4 had double-disk prostheses and 2 had single-disk prostheses. Most patients had sinus rhythm. The time elapsed between prosthesis implantation and thrombosis ranged from 8 to 136 (mean of 72) months.
Of the 11 patients with atrioventricular prostheses (3 tricuspid and 8 mitral), 2 had single-disk prostheses, 8 had double-disk prostheses, and 1 had a bioprosthesis. Three patients had atrial fibrillation, 6 had sinus rhythm, 1 had junctional rhythm, and 1 had pacemaker rhythm. The interval between the implantation of the valvular prosthesis and the diagnosis of thrombosis ranged from 1 to 120 (mean of 41) months. Two patients were still at the hospital after prosthesis implantation when thrombosis occurred. One of them had congenital heart disease, a very dilated right atrium with a tricuspid bioprosthesis complicated with respiratory infection and heart failure. The other patient had mitral and tricuspid metallic prostheses, which evolved with total atrioventricular block, which required heparin to replace phenprocoumon for definitive pacemaker implantation. Both patients were considered at high risk for reoperation.
In 11 of the 17 patients, the mobility of the disks was shown on fluoroscopy, coinciding with the drop in transprosthetic gradients, corresponding to a success rate of 64.8%. Despite the drop in gradients, the disks maintained some degree of difficulty in opening in 3 patients, corresponding to a partial success rate of 17.6%. The mean of the maximum aortic gradients dropped from 67 mmHg, prior to streptokinase, to 27 mmHg, after streptokinase; the mean of the mean atrioventricular gradients dropped from 14.5 mmHg, prior to streptokinase, to 4.9 mmHg, after streptokinase. The nonsuccess rate was 17.6%.
The duration of streptokinase infusion ranged from 6 to 80 (mean of 56) hours, being 34 hours in the patients who partially responded to the fibrinolytic agent, 44 hours in those who achieved no success, and 66 hours in those with resolution of the thrombosis (Tables III and IV) .
Of the 4 patients with a single-disk prosthesis, only 1 (25%) patient partially benefited from the fibrinolytic treatment. One patient died due to an intracranial hemorrhage, and the other 2 were referred for prosthesis replacement, but with no diagnostic confirmation by the surgeon, who reported the presence of a tissue formation suggestive of pannus surrounding the prosthetic ring.
Of the 12 patients with a double-disk prosthesis, complete resolution of the thrombosis occurred in 10 (83%). Of the 2 patients with partial success, 1 was clinically managed, and the other was referred for surgical treatment, during which the prosthetic thrombosis was confirmed.
The mean time interval between prosthetic implantation and thrombosis was longer in the single-disk prostheses than in the double-disk prostheses (103 vs 33 months). The most common hemorrhagic complication was hematoma in the venous puncture site. One (5.8%) fatal cranial bleed occurred, as already cited, in a patient with a single-disk prosthesis in the 36th hour of streptokinase infusion.
Three (17.6%) embolic phenomena occurred. One patient had peripheral embolism to the left radial artery, which resolved with maintenance of streptokinase. A second patient had an ischemic stroke; streptokinase infusion was interrupted, bleeding was ruled out on cranial tomography, and, after 2 weeks, the patient was referred for surgery. The third patient had intense precordial pain with elevation of the ST segment in the anterior wall; he was referred to the hemodynamics laboratory. Embolism to the anterior descending artery was diagnosed and treated with angioplasty and stent implantation. Two hours later, the patient had a new episode of pain and elevation of the ST segment in the inferior wall, returning to the hemodynamics laboratory, where embolism to the right coronary artery was diagnosed and treated with angioplasty and stent implantation.
Of the 13 patients being discharged from the hospital, 1 did not return for follow-up and the other 12 underwent a mean follow-up of 42 months. Four patients (33%) had clinical, fluoroscopic, and echocardiographic rethrombosis within a mean interval of 16 months. Of these 4 patients, 2 had single-disk prostheses with residual difficulty in disk mobility; the other 2 had double-disk prostheses and successfully responded to the initial treatment. One patient with a mitral double-disk prosthesis refused to undergo the surgical treatment, and as the patient had already received streptokinase within the 12 preceding months, the following medication scheme was prescribed: 10,000 U of subcutaneous heparin, twice a day, 200 mg of aspirin, and an oral anticoagulant agent for 3 months. The patient evolved with normalization of the mobility of the disks and a drop in the transprosthetic gradients, which remained unaltered after 7 months. For the other 3 patients, a new fibrinolytic treatment was indicated: 1 patient with an aortic double-disk prosthesis successfully responded, but, 12 months later, a new thrombosis occurred in the prosthesis, and the patient was referred for valvular replacement, during which the diagnosis was confirmed. The other patient with an aortic double-disk prosthesis had an episode of cerebral embolism, and, after stabilization, was referred for surgery, during which thrombosis was confirmed. The patient with a tricuspid single-disk prosthesis successfully responded to streptokinase infusion, and, on the control performed after 17 months of follow-up, the prosthesis was functioning normally. The patient with the bioprosthesis is asymptomatic and the transprosthetic gradient on echocardiography was low on the 36-month follow-up.
Discussion
The diagnosis of prosthetic thrombosis should always be remembered in patients with clinical findings of embolism or heart failure of recent onset, and symptoms of low cardiac output, mainly in patients with inadequate anticoagulation. The isolated calculation of transprosthetic gradients is not sufficient to establish the diagnosis of prosthetic thrombosis, because these gradients may be elevated due to changes in flow, especially in the single-disk prostheses and those with small diameters. Therefore, a serial echocardiographic assessment is fundamental for the patients, to allow a longitudinal comparison of the gradients and the differential diagnosis between acute dysfunction due to thrombosis and that due to prosthesis-patient mismatch. In these cases, the clinical scenario is not acute, the prosthesis being usually implanted in the patient while still young. However, the diagnosis of thrombosis may be confirmed if images of the thrombus or anomalies in the mobility of the disks are visualized on transesophageal echocardiography or fluoroscopy. Fluoroscopy has helped in diagnosing prosthetic obstruction due to thrombosis, mainly in double-disk prostheses, in which the 2 disks may be compared in regard to mobility and opening angles.
The distinction between pannus and thrombus is complex, because both may present as masses and impede opening and closing of 1 or 2 disks. The old prostheses and the chronicity of the clinical findings were the major clinical characteristics found in a series of 12 patients with pannus reported by Sanchez et al 7 .
Thrombosis of the prosthesis is a permanent risk for cardiac valvular prostheses, despite the anticoagulant therapy and improvement in their performance. The surgery for prosthesis replacement has been the traditional treatment, but the surgical risk ranges from 0 to 69%, according to some series 8, 11, 12 , causing the search for other therapeutic possibilities. Fibrinolytic therapy has been described as an alternative to surgical treatment, being considered the first-line treatment in prosthetic thrombosis in the tricuspid position 8, 9 . The use of a fibrinolytic agent for treating thrombosis in valvular prostheses in the mitral and aortic positions remains controversial. Some authors have indicated fibrinolytic therapy only for critically ill patients, in NYHA functional class III or IV, in whom the surgical intervention is of high risk, or in patients with contraindications [8] [9] [10] [11] [12] . The controversy in regard to the use of fibrinolytic therapy in patients in functional class I or II is based on the low surgical risk observed in this group of patients as compared with the thromboembolic risk caused by fibrinolysis, which ranges from 12 to 17% [10] [11] [12] [13] . On the other hand, some authors have indicated fibrinolysis as the first line of therapy in patients with St. Jude prostheses with a low risk of permanent complications and an excellent chance of success In our study, we selected the stable patients or those with elevated surgical risk due to antecedents of 1 or more previous surgeries, or patients, who, due to some reason, had their anticoagulation temporarily suspended or poorly controlled, ie, who had a transient reason for having a prosthetic thrombosis.
The subcutaneous use of heparin in association with an anticoagulant and an antiplatelet agent has also been indicated for patients with partial thrombosis of the prosthesis who are mildly symptomatic 8 . In this series, 1 patient with rethrombosis successfully responded to that therapeutic strategy.
One patient died and the mortality rate (5.8%) was acceptable considering the severity of prosthetic thrombosis. The risk of embolism was greater than that of bleeding (15% vs 5.8%). Peripheral embolism was resolved with maintenance of the fibrinolytic treatment in agreement with the literature 14 . The patient who had a stroke had his streptokinase suspended, underwent cranial tomography to rule out bleeding, and was referred for surgery 2 weeks later. The third patient complicated with 2 coronary embolisms, which were treated with a percutaneous intervention. A hemorrhagic complication was fatal in 1 patient.
Although the immediate postoperative period may be considered a relative contraindication to fibrinolytic therapy, 2 patients with prostheses in the tricuspid position received streptokinase while at the hospital, approximately 30 days after valvular replacement, and developed no hemorrhagic complications 8, 15 .
In patients with single-disk prostheses, the success rate was zero, the nonsuccess rate was 75%, and partial success was obtained only in 1 patient, who evolved with rethrombosis of the prosthesis in the 19th month of evolution. This may have been due to the advanced age of the prostheses (mean time of implantation of 103 months) and to their own design. These factors propitiate the formation of pannus and allow the fibrinolytic therapy to partially solve the prosthetic obstruction or not alter it at all.
On the other hand, the nonsuccess rate was zero in the double-disk prostheses with a shorter interval of implantation, thrombosis being the primary cause of obstruction.
Based on the mean time of streptokinase infusion, the nonsuccess rate was also observed to be greater in those receiving streptokinase for a shorter period.
Despite the small number of patients, our conclusions were as follows: the diagnosis of thrombosis of single-disk prostheses is hindered by the formation of pannus, which is frequent in old prostheses; thromboembolic complications were more common than hemorrhagic ones; and the patients with partial success evolved to rethrombosis. The treatment with streptokinase is an alternative to surgical treatment in select cases, such as those of thrombosis in a double-disk prosthesis.
